o C for 48 h and re-weighing) and microbial biomass [via the substrate-induced respiration method; (36) ] were determined on the same composite sample from each site used for the DNA analysis.
To compare the overall composition of bacterial communities found in cultivated soils to those found in native prairie soils, we collected cultivated cropland soils from 8 plots located across the native tallgrass prairie range (Table S1 ) with the soils collected in the exact same manner as described above. We used a DNA fingerprinting approach described previously (37) to directly compare the overall composition of the bacterial communities in the native prairie soils and these cultivated soils (Fig. S1 ).
Microbial community analyses via 16S rRNA gene sequencing
DNA was extracted from each native prairie sample using the method described in Fierer et al. (12) . Briefly, we extracted DNA from two 0.25g replicate sub-samples from each of the 31 soils using the MoBio PowerSoil DNA extraction kit modified with an additional incubation step at 65 o C for 10 min (38) . DNA concentrations were determined via PicoGreen fluorometry.
To assess the diversity and composition of the bacterial communities found in each of the 31 soils, we used the protocol described in Fierer et al. (12) . PCR amplifications were conducted in triplicate reactions for each of the 31 DNA samples with the 515f/806r primer set that amplifies the V4/V5 region of the 16S rRNA gene. The primer set was designed to amplify with few biases against any individual taxa [including members of the Verrucomicrobia, which many pre-existing primers are biased against (23, 39) ]. In addition, the primer set was designed to target a region of the 16S rRNA gene that provides accurate taxonomic information (40) . The primers contained the 454 adapters and the reverse primer contained a 12-bp error-correcting barcode unique to each sample. The triplicate reactions were composited and the amplicons from all samples were pooled together in equimolar concentrations. Sequencing was conducted on a 454
GS FLX+ system (Roche) running the Titanium chemistry at EnGenCore (University of South Carolina).
Raw 16S rRNA gene sequence data was processed using QIIME v.1.4.0 (41) to demultiplex the sequences, cluster sequences into phylotypes that share ≥ 97% sequence similarity, and provide taxonomic assignments to these phylotypes. Default parameters were used in all cases except that to assign taxonomy, the RDP classifier (42) was used with the February 2011 release of the Greengenes database (43) , and a lower confidence bootstrap value of 0.5 was supplied to the classifier. All data were rarefied to 940 sequences per sample prior to downstream
analyses. This level of sequencing depth has previously been shown to be sufficient for resolving differences in bacterial community structure within and between soil types (12, 38) . Alpha diversity was calculated as the number of phylotypes per sample or Shannon's index of diversity.
Beta diversity was calculated using the Bray-Curtis dissimilarity metric with beta diversity patterns visualized using principal coordinates analyses as implemented in PRIMER (44) . All amplicon data have been deposited in the European Nucleotide Archive (ERP003610).
Shotgun metagenomic analyses
Shotgun metagenomic analyses were conducted on the same 31 soil DNA extracts as used for the PCR-based 16S rRNA gene analyses described above. The sequencing protocol followed that described in the Illumina TruSeq DNA sample preparation protocol. Portions of each DNA sample were mechanically sheared before entering the library generation protocol.
Libraries were then size-selected to 170-180 bp using an agarose gel. Sequencing was performed at Argonne National Laboratory in the IGSB-NGS core using a 2x100 bp sequencing run on the For taxonomic analyses of the soil bacterial communities from the shotgun metagenomic data, we used the QIIME script 'pick_reference_OTUs_through_OTU_table.py' using UClust (47) to extract all 16S rRNA reads from the shotgun data that matched the Greengenes reference set at 97% sequence identity, with the taxonomy of the resulting phylotypes assigned directly from the closest reference sequence match. UClust v1.2.22 was run using the parameter values set as default in QIIME (--maxrejects 500 --id 0.97 --w 12 --stepwords 20 --rev --usersort --maxaccepts 20 --libonly --stable_sort). This closed-reference phylotype picking process generated 208,536 16S reads across all 31 samples (between 3,288 and 12,204 16S reads per sample). All calculations of the relative abundances of individual taxa were determined from 3,000 randomly selected 16S rRNA gene reads per sample. Because the Greengenes reference set does not contain every known bacterial lineage, and we only included 16S rRNA gene reads that matched those in the reference tree, we are necessarily underestimating the relative abundances of those taxa that are under-represented in the reference tree.
Modeling and statistical analyses
Species distribution modeling (SDM) combines measurements of local community composition and rasters of environmental variables to generate maps of predicted community patterns (20) . The general idea behind SDM is to use measurements of community composition to estimate the niche of a taxon, and then project this niche into geographic space using the rasters of environmental conditions. For the present study, the community composition data were collected using the amplicon and shotgun metagenomic approaches described above and included both the taxonomic and functional attributes of the communities. The rasters of environmental variables were compiled from a variety of sources (table S4) . We assembled a library of 79 rasters at a 0.5 o latitude/longitude resolution across the historical range of the native tallgrass prairie. The historical range of native tallgrass prairie was determined from an ecoregion map (48) which is similar to the historical range of native tallgrass prairie estimated previously (49) .
We only included the estimated historical extent of tallgrass prairie above 31 o latitude as there are uncertainties about the southernmost distribution of the tallgrass praire ecosystem. Some of the rasters contained mean monthly or annual environmental conditions (e.g., mean monthly or annual temperatures) while others contained measures of annual variability (e.g., mean annual temperature range) (table S4) .
In SDM, to estimate the niche of a taxon, local community observations are regressed on environmental variables; this regression is then projected with the rasters to make distribution maps. Using this approach, extrapolation errors can occur if the conditions at the locations where the observations were collected do not cover the range of an environmental variable in the spatial region over which mapping is being performed. To assess the degree of extrapolation necessary for each environmental variable, we constructed multivariate environmental similarity surface (MESS) maps (50) . Using the maps, we measured the spatial area in the tallgrass prairie biome that was greater than 20% out of the range of the observed values of each variable. If the area was greater than 5% of the area of the biome, we excluded that variable from further analyses. This procedure resulted in the exclusion of 5 variables from our initial set of 79 variables (table S4) .
We used SDM regression models to generate distribution maps of the relative abundances of taxa or functional genes, Shannon diversity of both functional genes and taxa, and the first principal component axis score (an index of overall community composition) using independent niche models for each of these parameters (table S3) . To make each map, we constructed a separate regression model. We used linear models for all analyses, due to small sample sizes (n=31) and a lack of clear evidence for non-linearity. When modeling relative abundances, which are bounded by 0 and 1, we used a logit link. Shannon diversity is bounded below by zero, but we found that a identity link was adequate for our applications. To construct models, we employed an all subsets model selection approach, considering all possible models with zero (intercept only) to seven predictors. For each response variable and number of predictors, we chose the model that had the best leave-one-out cross validation performance (quantified by lowest PRESS statistic) amongst those with a variance inflation factor less than 5. To select among these best models with zero to seven predictors, for each response variable we chose the largest model such that adding another predictor would increase the cross validation R 2 less than 2.5%. The cross validation R 2 is defined as 1-PRESS/TSS, where TSS is the total sum of squares. For bacterial niche models at larger spatial scales this 2.5% criterion appears to select a better-performing model than the model with the best overall cross validation, which is often overfit (21) . The selected models had between two and three predictors, depending on the response variable (table   S3) . The code and compiled binaries for running the niche modeling analysis are available on GitHub: https://github.com/jladau/SpeciesDistributionModeling.PrairieSoils. . Principal coordinates plot showing the differences in bacterial community composition between cultivated and native prairie soils. Community composition was assessed using a DNA fingerprinting approach identical to that described previously (37) . The cultivated soils were collected from sites located across the historical extent of the native tallgrass prairie (Table S1 ). ANOSIM results confirm that the cultivated soils contained bacterial communities that were significantly different in composition from those found in the native prairie soils (P<0.001). 
Fig. S4:
Phylogenetic tree containing all cultivated verrucomicrobial strains available from the Ribosomal Database Project (colored in light blue) along with all verrucomicrobial phylotypes recovered from the tallgrass prairie soils studied here that were represented by >5 sequences each (colored in yellow). The heights of the bars on the outer ring indicate the relative abundance of those phylotypes (% of verrucomicrobial sequences) in the tallgrass prairie dataset. Two phylotypes, OTU1 and OTU2, accounted for 36% and 25%, respectively, of all verrucomicrobial sequences recovered from the 31 soils and both of these phylotypes were found in every one of the soils. Spartobacteria baltica, an aquatic Verrucomicrobia that was a recent target of a wholegenome sequencing effort (28) , is indicated in green. The tree is a maximum-likelihood tree based off of the sequences from the amplicon dataset and those deposited in the Ribosomal Database Project (http://rdp.cme.msu.edu/) that were aligned and filtered using QIIME (41) . The tree was visualized using GraPhlAn (http://huttenhower.sph.harvard.edu/graphlan). Table S1 . Soil and site characteristics associated with each of the soil samples collected for this study. MAP = mean annual precipitation, MAT = mean annual temperature. Field moisture was measured immediately after sample collection and microbial biomass was measured using the substrate-induced respiration approach. Those sample IDs that start with 'NTP' represent native tallgrass prairie soils (uncultivated) with the cultivated soils included in the analyses described in Figure S1 identified by sample IDs that start with 'CC'. No field moisture or microbial biomass data were obtained for the cultivated soils. Table S3 . Descriptions of the models used to predict alpha diversity levels, beta diversity patterns, and the relative abundances of Verrucomicrobia across the historical extent of the native tallgrass prairie ecosystem and across the 31 samples that were analyzed. Predictor abbreviations are explained in Table S4 . 
